Background. In this case-control study on sudden infant death syndrome (SIDS), the magnitude of the risk factors 'maternal smoking during pregnancy' and 'poor antenatal care' was assessed and the attributable proportions of SIDS incidence estimated. Methods. Perinatal data from 190 SIDS cases, who died between 1986 and 1990 at age >7 days and had a diagnosis of SIDS confirmed by autopsy, were compared to 5920 controls. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) were computed by unconditional logistic regression. The attributable risk per cent among the exposed (AR%) and the population attributable risk per cent (PAR%) were calculated. Results. Maternal smoking during pregnancy was associated with a more than twofold risk of SIDS (OR = 2.4; 95% Cl: 1.7-3.4) and showed a significant dose-response. Low numbers of antenatal care visits were also associated with an increased risk of SIDS; OR = 1.6 (95% Cl : 1.1-2.3) for 4-8 consultations and 2.9 (95% Cl : 1.4-5.8) for 0-3 consultations; reference: >8 consultations. Maternal smoking during pregnancy yielded an AR% of 58% (95% Cl : 42-70) and a PAR% of 28% (95% Cl : 16-40). The AR% for =s8 antenatal care visits versus >8 consultations was 41% (95% Cl : 16-59); the PAR% 10% (95% Cl : 3-17). Conclusions. Assuming causality, our data suggest that a reduction of the prevalence of either risk factor by populationbased interventions may yield a worthwhile public health impact in terms of a substantially lower SIDS incidence.
Due to a decline in competing risks, sudden infant death syndrome (SIDS) has become the single largest component of postneonatal infant mortality in many industrialized countries. A number of epidemiological studies have suggested that adverse factors which occur during pregnancy may increase the SIDS risk of exposed infants after birth. There is particular evidence that both maternal smoking during pregnancy'" 14 and, to a lesser extent, poor antenatal care 15 " 24 are associated with an increased risk for the offspring to have low birthweight or to die from SIDS. Since both factors are patterns of mothers' individual behaviour, they may therefore, in principle, be modified by intervention. Assuming that these risk factors are causal, a reduction in the prevalence of maternal behaviour positively associated with SIDS may reduce the occurrence of SIDS cases in the population.
In Lower Saxony, a state of the Federal Republic of Germany, data on the ante-and perinatal period are routinely obtained for more than 80% of all newborns. Mothers are interviewed on admission to hospital by a midwife or a doctor using a standardized questionnaire. All perinatal data sets are stored and analysed on a yearly basis by the Lower Saxony Perinatal Working Group. This case-control study was carried out on potential ante-and perinatal risk factors for SIDS, with special emphasis on the two modifiable risk factors 'smoking during pregnancy' and 'poor antenatal care'. For the purpose of this study, the perinatal data sets from SIDS cases were compared with those from random controls. In contrast to many epidemiological studies in which information was obtained retrospectively and may thus be influenced by recall bias, it was possible to avoid this obstacle by analysing data which were gathered at the time of birth without knowing whether the child would become a future SIDS case. In the first step, the magnitude of effect of each risk factor was assessed; in the second step, the potential public health impact of changes in the prevalence of each factor on the incidence of SIDS was estimated.
MATERIAL AND METHODS
Between 1986 and 1990, 325 infants (2=8 days) who had died suddenly and unexpectedly were diagnosed as SIDS cases after a complete autopsy (including histological, virological, and immunological investigations) was carried out at the Institute for Legal Medicine of Hannover Medical School. Infants were not identified as SIDS cases when their death could, at least in part, be explained, e.g. by disease, congenital malformations, or violence.
Patterns of individual data (sex, birthday, hospital of birth, duration of birth, birthweight, head circumference, mother's birthyear, and post code of the mother's residence) were used as matching criteria in order to identify each SIDS case's perinatal data set in the anonymous perinatal data pool. The one data set that matched most of the above criteria was selected for each SIDS case. In 190 (58%) out of the 325 cases, their perinatal data sets could be identified with 100% certainty. In the remaining cases, the identification of perinatal data sets failed due to insufficient data on matching criteria.
A random sample of 6000 perinatal data sets, not identified as SIDS cases and frequency matched to cases on year of birth, were selected as controls from the perinatal data pool. Data sets of children with congenital malformations, which would interfere with a certain diagnosis of SIDS, were removed from the control group resulting in 5920 controls. Though the gain in statistical efficiency introduced by this high controlto-case ratio is low compared to a 10:1 ratio, estimations of the prevalence of risk factors in the candidate population from the prevalence among the controls may be more stable with a large control group.
For the purpose of this study, the following information (units or categories in parentheses) from the perinatal data sets of cases and controls was used: gender (male/female), birthweight (g), maternal age (years), socioeconomic status (high/medium/ low/missing; based on maternal education or profession), nationality (German/non-German/missing), maternal smoking during pregnancy (average number of cigarettes smoked per day, categorized into 0 or >0, and 0, 1-10, 11-20 or >20, respectively), antenatal care (number of antenatal care visits with an obstetrician, categorized into >8, 4-8, 0-3). Data on smoking during pregnancy were available in 83% of cases and in 78% of controls. Information on antenatal care was known in 99% of both cases and controls.
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) for Windows Release 6. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were computed by the unconditional logistic regression procedure of SPSS. From the adjusted OR of each risk factor, the attributable risk per cent (AR% also referred to as the etiologic fraction) among the exposed and the population attributable risk per cent (PAR%) were calculated. 25 
RESULTS
Main characteristics of the 190 SIDS cases whose perinatal data sets could be identified and of all 325 SIDS cases autopsied in 1986-1990 are presented in Table 1 . The sex ratio and the distribution of year of birth and year of autopsy are comparable between both groups. Descriptive statistics on cases show the typical age distribution ( Figure 1 ) with relatively high frequencies at ages of 2-3 months (mean age: 132 days; SD: 95 days). Nine SIDS cases died at ages over one year.
There is also a high level of correspondence between the perinatal data sets in the control group of this study (birthyear 1985-1990 ) and the annual statistics presented by the Perinatal Working Group of 1985 and 1990 (Table 2) .
Adjusted OR for the risk factors 'smoking during pregnancy' and 'poor antenatal care' are shown in Table 3 . After controlling for birthweight, mother's age, socioeconomic status and nationality, smoking during pregnancy was associated with a statistically significant and more than twofold risk (OR = 2.4; 95% CI: 1.71-3.36) of SIDS. The average amount of cigarettes smoked per day showed a clear dose-response effect with statistically significant results for each level of exposure. After controlling for birthweight, mother's age, socioeconomic status, nationality and smoking during pregnancy, lower numbers of consultations for antenatal care also turned out to be associated with an increased risk of SIDS. Both stratum-specific estimates and the dose-response are statistically significant.
The AR% among the exposed and among the population was derived from adjusted OR for either risk factor and the prevalence of exposure in the controls (Table 4) . Among the exposed, the AR% for smoking during pregnancy was 58%. Less than nine consultations for antenatal care compared to S=9 antenatal care visits yielded an AR% of 41%. Taking the prevalence of each risk factor in the control group as a valid 
FIGURE 1 Age distribution of sudden infant death syndrome cases (n = 190)
estimate of the prevalence in the population, the PAR% was 28% for maternal smoking during pregnancy and 10% for poor antenatal care.
DISCUSSION
This study analysed historical data from SIDS cases and controls. Although the perinatal data pool used had not been obtained for the purpose of studying SIDS, it includes information on all relevant factors of the ante-, peri-, and early postnatal period and covers 80% of all births in Lower Saxony. Since a representative cross-section of about 80% of all hospitals report data on each birth to the Perinatal Working Group, a selection bias in the data pool seems unlikely. Perinatal data sets could be identified in the data pool for only 58% of all autopsied SIDS cases. Due to incomplete data acquisition during autopsy, which was not performed for the purpose of this study, information on matching criteria was insufficient in the remaining cases. Though there is no substantial difference with respect to factors that could be compared (Table 1) , a selection bias in cases cannot be ruled out and is a limitation of this study. The distribution of relevant factors in the 5920 random controls, however, is very similar to the total perinatal data pool (Table 2) , thus a selection bias in controls seems unlikely. Since data for both cases and controls were obtained at time of birth, any recall bias can be excluded. Another limitation of this study was its inability to confirm the vital status of individuals in the control group. Thus, it cannot be ruled out that there may be some unidentified SIDS cases misclassified as controls. Because of the low incidence rate of SIDS (about 1-2/1000 live births) in the source population, this potential bias may be regarded as minimal. Furthermore, there is no indication for a misclassification of case-control status by exposure, so this potential non-differential misclassification bias would be conservative by nature and underestimate the magnitude of association, if one exists, between exposure and SIDS.
In contrast to an earlier publication on preliminary results of this study, 26 this analysis has allowed for missing values in variables controlled for as confounders. Point estimates of effect did not change significantly; confidence intervals, however, became substantially smaller due to the higher numbers of cases and controls that could be included in the analyses.
Our data strongly suggest that maternal smoking during pregnancy may be associated with risk of SIDS. This finding is consistent with earlier studies, 1 " 14 and the magnitude of effect found in our study is also similar to those found by others. In the study of Taylor et a/.
14 who compared a SIDS group with both a live births cohort and with a group of non-SIDS infant deaths, only maternal smoking during pregnancy was independently and specifically associated with SIDS. That specificity as well as the dose-response effect found in our and other studies 6 ' 10 " support the "adjusted for birthweight, mother's age, socioeconomic status, nationality. b adjusted for birthweight, mother's age, socioeconomic status, nationality, maternal smoking during pregnancy.
hypothesis that smoking may be a causal risk factor for SIDS. It has been hypothesized that both vasoconstriction by nicotine and increased levels of carbon monoxide in the blood of smoking mothers may compromise the fetus by chronic hypoxia, resulting in an increased risk of SIDS later in life. This hypothesis was supported by findings that SIDS risk may be positively associated with other factors resulting in chronic fetal hypoxia 27 and the interaction between maternal smoking and anaemia during pregnancy. 5 Our results are consistent with other scientific evidence for a direct biological effect of smoking being associated with SIDS independent of low birthweight. Hypothesized mechanisms include disturbances in fetal brain and lung development. 28 " 30 A number of studies 15 " 24 suggest that poor antenatal care may be a risk factor for SIDS. Measured in terms of the number of antenatal consultations, we found a statistically significant dose-response with significant results for each level of exposure. This association cannot be attributed to maternal smoking during pregnancy, since this has been controlled for in our multivariate analyses. There may, however, be an association between number of antenatal care visits and gestational age, which we were unable to control for due to a high degree of missing data. In our logistic models, we controlled for birthweight instead, which in itself is closely associated with gestational age. The remaining degree of confounding by gestational age may be regarded as minimal and unlikely to explain our findings. Like Buck el a/.
19 who also found a significant dose-response between few antenatal care visits and SIDS, we were unable to assess the adequacy of services provided during antenatal consultations, and there is still uncertainty about what aspect of antenatal care may influence the risk of SIDS. Kogan el al. 22 who studied the content of antenatal care, observed that women who reported not receiving all the types of advice recommended by the Expert Panel on the Content of Prenatal Care were more likely to have a low birthweight infant compared with women who reported receiving the optimal level of advice. Since the coverage of medical insurance in Germany is over 90%, financial barriers are unlikely to account for the lower degree of antenatal care utilization we observed in mothers of SIDS cases. It cannot be excluded, however, that antenatal care utilization may merely be an indicator of health awareness or some other behavioural pattern associated with SIDS risk.
Higgins et a/. 31 found statistically significant differences in self-esteem, social support, and satisfaction between groups of pregnant women receiving adequate or inadequate antenatal care.
The AR%, also known as the etiologic fraction, quantifies the proportion of the disease among the exposed that is attributable to the exposure. 32 When the prevalence of exposure in the population is known, the population attributable risk can be estimated indicating the proportion of new cases in the candidate population that is attributable to the exposure. Under the assumption that the association between exposure and disease is-directly or indirectly-causal, the AR% is the proportion of the incidence rate in either group that could be prevented if the exposure could be eliminated.
Assuming smoking during pregnancy to be a causal risk factor for SIDS, our data suggest that 58% of all SIDS cases of mothers who smoked during pregnancy could be attributed to that exposure and may be prevented if mothers were to stop smoking during pregnancy. Since selection bias is very unlikely to have occurred in controls chosen for this study, the prevalence of exposure among the controls may be regarded as a valid estimate of the total population indicating a prevalence of maternal smoking during pregnancy of nearly 28%. Though this figure is somewhat smaller than the prevalence of 35% smokers among Norwegian pregnant women, 33 our data suggest that 28% of SIDS cases may still be prevented in the source population if that exposure could be eliminated. Comparing a SIDS group with a live births cohort, Taylor el al.
l4 estimated a PAR% for maternal smoking as a risk factor for SIDS of 30%, which is similar to our results.
Assuming the association between poor antenatal care and SIDS to be indirectly causal, i.e. because risks for the offspring could be detected and successfully treated or pregnant mothers could be successfully advised to avoid risky behaviour by a sufficient number of antenatal consultations, 41% of all SIDS cases of mothers with poor antenatal care might be prevented. According to our data, the SIDS incidence in the candidate population may be reduced by 10% if all pregnant mothers had optimal antenatal care. However, the magnitude of effect is smaller for antenatal care compared to smoking during pregnancy, and the degree of certainty concerning causality is definitely higher in the latter risk factor. On the whole, the association between poor antenatal care and SIDS is difficult to interpret. Whilst the dose-response effect observed in this and other studies 19 supports the assumption of causality, both the correlates that predispose to SIDS and the mechanisms by which they may operate are still unknown. These questions and potential associations between pre-and postnatal maternal behaviour, e.g. form of feeding, should be addressed in detail by future research on SIDS.
Though prone sleeping position has been determined to be a major risk factor for SIDS in recent years, 34 it certainly does not account for 100% of all SIDS cases. Any strategy to reduce the incidence of SIDS should therefore consider other risk factors as well. In particular, smoking during pregnancy and-to a lesser extent and certainty-poor antenatal care are risk factors for SIDS. Since these factors are behavioural patterns, they are, in principle, modifiable. Under the assumption of causality, our data suggest that any reduction of these factors by population-based interventions may yield a high public health impact in terms of a substantially lower SIDS incidence.
